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学 位 論 文 内 容 の 要 旨  
 A fundamental aspect of robotic is the robot ability to move and perform tasks in 
its environment. If the robot is not entirely preprogrammed by a human, it needs to 
possess the ability to avoid obstacles by itself using a motion planner. One drawback 
of traditional motion planners is that they usually do not take into account previously 
experimented situations and plan from scratch every time. It is a huge loss of knowledge 
and hinders the capacity for a robot to move in real-time. If we want to lean toward 
autonomous robotics, speed and safety are two opposite goals that the robot needs to 
achieve. 
Trajectory prediction algorithms tackle this problem by first predicting an initial 
trajectory which would be used as an initial guess by motion planners or optimized as 
a final trajectory. They perform the prediction leveraging a dataset of motion planning 
problems and their associated trajectory solutions previously collected. Giving a 
prediction of what would be the trajectory solution to a problem reduces the search 
space of the motion planners and is proved to increase their efficiency. However, a 
big flaw of the trajectory prediction methods is their reliance on the dataset at 
runtime. Indeed, they compare the motion planning problem the robot is facing against 
all the problems recorded in the dataset and retrieve the trajectory associated to the 
closest problem found. This dataset requirement is problematic as it implies that the 
size of the dataset becomes a limiting factor for the memory space and computational 
cost.  
Learning from data is the main interest of the machine learning field. Recently, the 
 field has got a lot of traction and many impressive results have been seen with the 
advent of deep learning such as in speech recognition, human activity recognition or 
classification. Thus, many are trying to combine motion planning and machine learning. 
However, we have yet succeeded to achieve similar success. The reason is that motion 
planning is a highly dimensional problem where the information could come from widely 
different data (images, point cloud data, and so on...). Instead of totally replacing 
motion planners, machine learning algorithms could be used as trajectory predictors. 
In this thesis, we are interested in combining the trajectory prediction and the 
machine learning field together. More precisely, we want to use machine learning 
algorithms to perform trajectory prediction without requiring to have a motion dataset 
at runtime. We focused on the use of conditional generative models. These models work 
in two phases: a learning phase and an application phase. During the learning phase 
the model learns from the motion dataset the distribution of the data. During the 
application phase the model is able to generate new trajectories conditioned on motion 
planning problems. Because our framework is general, it is not tied to the usage of 
a specific conditional generative model. 
  The conditional generative models could be applied on many different data. However, 
high dimensional data such as occupancy grid map can hinder the convergence of the 
models, this is the curse of dimensionality. We propose a method to compress the high 
dimensional data into low dimensional ones by first decomposing the trajectory space 
into two subspaces and second by projecting the data with autoencoders. 
  First, we introduce the trajectory prediction problem and all the necessary 
definitions. We then present multiple different conditional generative models and 
explain how they achieve trajectory prediction without relying on a dataset at runtime. 
We continue by explaining how we can reduce the dimensionality of the data using 
decomposition and projection of the data. Then we show different experiments we have 
performed to demonstrate that our framework is able to ease the work of motion planners. 
Finally, we propose how to implement our framework inside current workflows and discuss 
about future possible applications. 
 





























ロボットを用いたシミュレーションにより，本手法の有効性を示している．   








最後に，第９章で本論文をまとめ，本研究の拡張性について言及している．   
本研究成果は，現在のロボットモーションプランニング技術に，計算効率と経路生成の成
功率の向上をもたらすものであり，現在までに構築されているほぼ全てのロボットのワーク
フローに統合することができる．さらに，将来，ロボットが自動的にデータを収集すること
が一般的になれば，自律稼働するロボットの構成に本研究成果が貢献することが見込まれる．
 審査委員並びに公聴会出席者から，本論文に関して，精度という観点からの生成された初
期軌道の評価の可能性や，実工場での利用の可能性，提案フレームワークの他の研究領域へ
の展開の可能性，などについて種々の質問がなされた．いずれについても申請者本人により
適切な回答がなされた．  
以上により，論文調査及び最終試験の結果に基づき，審査委員会において慎重に審査した
結果，本論文が，博士（工学）の学位に十分値するものであると判断した．  
 
